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IN previously published papers we have shown that very minute
quantities of Potassium and Calcium Salts possess the power of
influencing the contractility of the heart. We have pointed out that
even so minute a quantity of Potassium chloride as 1 in 15,000
and of Calcium chloride as 1 in 10,000 is capable of promoting the
normal cardiac contractility provided they are brought into contact
with the heart ventricle in the presence of a simple [3 /j] saline
medium. We do not even attempt to explain in this place how such
minute quantities of inorganic salts can influence so profoundly the
organised structure of the heart. However, it may be said that it does
not seem improbable, that the salts do not enter into direct combination
with the molecules of the muscular tissue; and further that if any
combination exists it is of an extremely loose character since the salts
are easily dislodged and washed away by the mere circulation of a
fluid devoid of these salts.

But it appears necessary, in order that contraction should take
place, that minute quantities of these salts should be present in the fluid
environing the muscular tissue. The same condition also obtains for
plants. Thus we read: " Whilst carbon, hydrogen, oxygen, nitrogen and
sulphur maiinly comprise the organised parts of a plant,-potassium,
calcium, magnesium and iron are of less importance if only in conse-
quence of their much smaller quantity; they appear to promote
chemical decomposition and combination in plants in consequence of
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which the far more abundant combustible principles are constructed out
of the first named five elements.'"

We thought that since extremely small quantities of these salts
when in contact with muscular tissue produce remarkable effects, and
affect in some way the molecular changes occurring during contraction,
that it would be well to ascertain how distilled water would behave
toward protoplasm. Distilled water being purely negative as regards
salts would we should expect either be passive or possibly possess an
action which would be more or less masked in the presence of salts.
To test the behaviour of distilled water we placed Fish in vessels con-
taining it. It occurred to us that we should, by disturbing the equi-
librium of diffusion between the circumambient fluid on the one hand
and the blood of the fish as well as the parenchymatous fluids of the
surface cells of the fish on the other, influence the life of the fish.
Our experiments substantiated the justice of our conclusion for fish
placed in distilled water died in a few hours. When however minute
quantities of salts of calcium or potassium or sodium were added the
life of the fish was prolonged. The lime salts were found to possess
the greatest power of sustaining life. It was further elicited that fish
can be habituated to live in distilled water provided minute quantities
of lime are present2.

The question, however, yet remained unsolved, why the fish rapidly
died when placed in distilled water. To solve this difficulty we sought
to discover whether the distilled water caused the lime and other salts
contained in the tissues of the fish, to diffuse out. If so, and these
salts were absolutely necessary to protoplasm in order that it should
perform its vital functions, it would readily be understood that upon
the abstraction of the salts the tissues would cease to be able to
fulfil their function and so would die. But, it was also possible that
placing the fish in distilled water disturbed the equilibrium of diffusion
between the surrounding water and the cells covering the gills and so
caused salts to diffuse -out of the cells and water to pass into the cells
until they became irreparably damaged and disorganised. In the
paper cited above these questions were discussed, but it was at that
time impossible to arrive at any definite result and hence the answer
was then left open. We subsequently undertook the elucidation of
these points in the investigations which form the subject of the present
communication.

I Sachs, T'reati.se oi Dotaniy, 2ind ed., p. 696.
2 JoutIrntal of Physiology, vol. v., no. 2.
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The method employed may thus be briefly summarized. The gills
of the fresh-water Mussel [Anodon] were carefully cut so that the
edge bearing the cilia was rapidly removed, care being taken to avoid
injury or exposure. The gills were then divided as nearly as possible
into equal portions and placed in the solutions. In every case the
series were arranged so that only portions of the gills of one Mussel
were employed, and hence were strictly comparative. The solutions
were composed of distilled water, either alone or with solutions of salts
of 10/0 strength. In each experiment 400 c.c. of fluid were employed.
As the gills might be supposed to part with substances favourable to
the sustenance of vitality when left in distilled water, just as we have
shown is the case with tadpoles and fish, we changed the solutions in
which the gills were placed twice in every twenty-four hours. The
importance of this precaution will be shown in the sequel, since the
presence of even a minute quantity of lime in the fluid might tend to
sustain ciliary action. The portions of gills were examined every day
under a high power of the microscope, the specimen being in each case
investigated in its own medium. The action of distilled water upon the
ciliary apparatus and movements of the cilia of the gill edge may first
be recounted. Six observations showed that ciliary action always
ceased within twenty-four hours. The cells of the gill edge presented
a curious appearance. They were separated from the gill edge and had
lost their sharp outline, having become swollen up to three or four times
their natural size and further being considerably distorted in shape.
The cells looked markedly granular and were in different stages of
disintegration. In some instances this disintegration had gone so far
that only the nuclei were left and even they were granular. In some
preparations it was thought that a distinct swelling up of the inter-
cellular substance could be made out, thus separating the cells from one
another. We then tested the effect of adding calcium chloride to the
distilled water.

In four experiments in which we used 2 c.c. of the 10/0 solution of
calcium chloride to every hundred distilled water, i.e. 1 in 5000, we
found that ciliary action had in the case of three of the specimens
disappeared in twenty-four hours while in the fourth it had almost
ceased. The tissue of the gill had further become greatly disin-
tegrated.

In four experiments in which we added 4 c.c. of calcium chloride
solution to the hundred distilled water, i.e. 1 in 2500, the ciliary action
in one had disappeared in 48 hours and in the second in 72 hours, while
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in the third, ciliary action ceased on the 4th day, and in the fourth
upon the 5th day.

We also employed still larger quantities of lime; thus in one
experiment working with 8 c.c. of calcium chloride solution to tbe
100 c.c. of distilled water, i.e. 1 in 1250, it was found that ciliary action
persisted to the 7th day.

With 16 c.c. of calcium chloride solution, i.e. 1 in 62.5, two experiments
were undertaken with the result that in one the ciliary action persisted
on the 7th and in the other on the 8th day. It would then appear that
while distilled water rapidly causes ciliary action to cease that calcium
chloride prolongs the life of the cilia and greatly retards the disinte-
gration of the tissue.

Sodium bicarbonate also when added to distilled water sustains the
life of the cilia, so that ciliary action persists, and sodium bicarbonate
checks the disintegration of tissue which we found occurs with distilled
water alone. These statements are based upon the following experi-
ments.

When I c.c. of sodium bicarbonate solution to the 100 c.c. distilled
water, i.e. 1 in 10,000, was employed, ciliary action ceased in 48 hours.
In five experiments with 2 c.c. of sodium bicarbonate solution to the
100 c.c. distilled water, i.e. 1 in 5000, in one, ciliary action was slight in
24 hours, in two it had disappeared in 24 hours and in two in 48 hours.
Four experiments were instituted in which 4 c.c. sodium bicarbonate
solution were added to the 100 c.c. distilled water i.e. 1 in 2500 and then
we found ciliary action disappeared on the 4th, on the 5th in two,
persisting in the remaining two experiments on the 5th and 6th days
respectively.

When 8 c.c. of the sodium bicarbonate solution per 100 c.c. distilled
water, i.e. 1 in 1250, were used, ciliary action persisted on the 7th day: but
in two experiments in which double the above strength was employed
the ciliary action disappeared in one case on the 7th in the other on the
2nd day. These experiments bring out a further point than those
noticed above, and that is, that both in the case of the lime salt so also
with the sodium salt, increasing the dose. of the salt increases also the
duration of the persistence of the ciliary action by sustaining the life of
the cilia.

In the next series of experiments we determined the action upon
the cilia of mixtures of salts in the test solutions.

1 c.c. each of calcium chloride and sodium bicarbonate solution were
added to the 100 c.c. distilled water, i.e. 1 in 10,000 of each, and in two
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experiments the ciliary action had ceased in 48 hours. Eight experi-
ments ivere carried out in which 2 c.c. of the above solutions were added
to the 100 c.c. distilled water, i.e. 1 in 5000 of each, with the following
results: in one ciliary action ceased in 48 hours; in one it was good in
48 hours; in one ciliary action persisted on the 4th day and in three on
the 5th day; in one on the 6th and in one on the 7th day respectively.

Working with double these quantities we found in one experiment
(4 c.c. of each to the 100 c.c. distilled water) ciliary action had not
ceased on the 7th day. When 8 c.c. of a solution of each of the above
salts to the 100 c.c. distilled water were tried, in two experiments the
action of the cilia still was present on the 7th and 8th days respectively.

We were thus led to the conclusion that a mixture of these salts in
the test fluid possessed the power of sustaining the vitality of the cilia,
and of checking the disintegration of the tissue in a higher degree than
either of the salts calcium chloride or sodium bicarbonate when taken
alone.

In our further experiments with solutions containing several salts,
potassium chloride was added to the calcium chloride and sodium salt.
Thus in two experiments 2 c.c. of the calcium and sodium salt solution
and *5 c.c. of the potassium salt solution were added to the 100 c.c. of
distilled water, with the result that in one case ciliary action ceased
on the 3rd day, while in the other it persisted on the 7th day. In
the next two experiments the same proportions of the calcium and
sodium salts were used, but the potassium salt was doubled. In one
instance the ciliary action ceased on the 3rd, and in the other on the
4th, day.

We further used the New River Company's tap water, the composi-
tion of which is

Calcium 38-3 per million,
Sodium 233
Potassium 7-1

and other constituents which do not interest us in this connexion; and
as a result of six experiments we found ciliary action persisted in one
case on the 3rd, in one on the-4th, and in four on the 5th day. At this
time all the gill was used up and hence the experiments were perforce
brought to a conclusion.

We may then infer from the above experiments that while distilled
water causes ciliary action rapidly to cease, that calcium chloride and
sodium bicarbonate act in the other direction and prolong the period of
activity of the cilia, the sodium salt being perhaps the more efficacious
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of the two. It also appears that combinations of these salts even in
smaller proportions are more effectual than sodium bicarbonate when
alone.

With regard to the disintegration of tissue which accompanies the
use of distilled water or of weak saline solutions, it appears to us to be
of a purely physical nature and will, we submit, lend itself to the follow-
ing explanation.

Diffusion must under the conditions of the experiment be rapid, and
being wholly from the tissue of the gill to the surrounding medium,
would determine a corresponding osmotic current from the fluid to the
cells of the gill. There must be as a consequence of this a swelling up
of the cells, and finally bursting and disintegration of the cells. The
presence of salts would obviate such a physical change, and by protecting
the gill tissue enable the cilia to retain their normal activity.

If we now consider the question of the composition of the cells which
line the gills of fish, we shall see that both they and the cells of the
cuticular coverina of fish as also the blood itself, must vary as regard the
quantity of the salts they contain, for diffusion, determined by the
nature of the surrounding medium, would occur until an exact equili-
brium between the salts in the tissues and those in the medium had
become established. Thus it becomes readily comprehensible that great
disturbance in the animal economy of fish must ensue upon even slight
variations in their environing fluid. And the same would obtain where
the fish passed from one medium to one of a different saline compQsition.
When fish therefore leave the sea to travel to the fresh water rivers,
they usually perform their journey slowly. The slowness of their
passage allows of a gradual production of the inevitable equilibrium of
diffusion and so avoids the fatal disturbance which must have ensued
had the change been suddenly effected. In the opposite direction, the
passage from the river to the sea, the change would require the same
caution, since it predicates the necessity for a converse change, that is
diffusion into the cells and osmosis from them. The disturbance which
occurs in either case must be largely influenced by the osmotic equivalent
of the salt which diffused. Sodium chloride possesses, we should
remember, a low osmotic equiivalent and would hence affect the fish less
than other salts of higher osmotic equivalent. Lime salts on the other
hand have an osmotic equivalent ten times as great as that of sodium
chloride and so would, quantity for quantity, affect the fish far more.
Again the rate of diffusion and osmosis depends upon the amount of
salt on each side of the membrane separating the fluids under obser-
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vation. Thus in the case of the cells of fishes, especially the delicate
lining of the gills, the same law would tend to modify the rate of
osmosis and diffusion through them, and indeed throughout the whole
body of the fish. It further is necessary to take into consideration the
effect of pressure upon osmosis. By sufficiently heightening the pressure
you may lessen or prevent osmosis, while diffusion remains unaffected.
So, we may easily appreciate the importance of the slowness of the
migration of fishes from sea to fresh water. For we see on the one hand
the slowly and hence unobnoxious diffusion equilibrium established, and
on the other the pressure exercised by the cell wall moderating osmosis.
Thus is it that those physical influences which produce cell changes in
fishes subjected to alteration in their habitual environment, may through
the delayed progress of the fishes have their deleterious effects upon the
fish reduced to a minimum.

The slow rate which characterises the migration of most fishes, need
not, we think, be set down solelyto an instinct. We would suggest that
a purely physical explanation exists which will in the main account for
the behaviour of fish during their migration. For, distilled water
dropped upon the conjunctiva causes smarting. It gives rise to pain if
applied to the nasal and probably to any mucous membrane, doing so by
setting up osmotic action in the nerve terminations. If now small
quantities of salts are added to the distilled water no smarting occurs.
But when the salts are added above a certain quantity, smarting again
is felt. Now we submit that the fish when passing to or from one
medium to another more or less saline, become subjected to the full
force of such osmosis-producing conditions, they would feel the brunt of
the resulting effects directly as the rapidity with which they accom-
plished the change. Hence these inimicable conditions would determine
for them a slow journey, since by delay they escape pain and deleterious
influences.

We have yet to consider the difficulty which may be held as telling
against the above suggestion, viz. that some fish resist the baleful effect
of distilled water or an impoverished saline medium better than others;
and that some fish are competent to pass with great rapidity from one
medium to another and do so without manifesting any great sign of
distress. Thus we ourselves found that sticklebacks would survive
minnows several hours when placed in the distilled water.

We think it may be substantially urged that, as we have pointed
out above, the influence of pressure here manifests itself. The cells of
the fish, and especially those covering the gills, may vary in the strength
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of their cell walls, and in proportion to the strength of this wall so will
be the osmosis:-when the pressure is sufficiently great the osmosis will
be in abeyance, diffusion alone being at work.

In conclusion then we think our experiments show that distilled
water is actually harmful to protoplasm: that it not only prevents the
due performance of its function, but induces its actual destruction. And
next that additions of minute quantities of salts obviate the destruction
of protoplasm, while if present in adequate combination they maintain
protoplasm so that it can perform work. As Nith the heart so with the
gills, some salts effect this purpose better than others. We also show
that the life and due performance of vital functions of animals, i.e.
protoplasm in a state of high- differentiation, is in the case of fishes
dependent upon the medium in which they exist. Further we attempt-
to explain how this medium plays a part so important in the life-
history of the fish.

PH. VI.
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